This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the appUcant. 

Defects in the images may include (but are not Umited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 



IMAGES ARE BEST AVAILABLE COPY. 




BLACK OR VERY BLACK AND WHITE DARK PHOTOS 



GRAY SCALE DOCUMENTS 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europten des brevets 



(11) 



EP 0 822 736 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

04.02.1998 Bulletin 1998/06 

(21) Application number: 96910196.3 

(22) Date of filing: 18.04.1996 



(51) IntCI.^: H05H 1/34. B23K 10/00. 
B23K 10/02 

(86) International application number: 
PCT/JP96/01058 

(87) International publication number: 

WO 96/33597 (24.10.1996 Gazette 1996/47) 



(84) Designated Contracting States: 


• TSURUMAKi. Naoya 


DE FR GB IT 


Hiratsuka-shi, Kanagawa-ken 254 (JP) 


(30) Priority: 19.04.1995 JP 93471/95 


(74) Representative: 


Grunecker, Kinkeldey, 


(71) Applicant: KOMATSU LTD. 


Stockmair & Schwanhdusser 


Minato-ku Tokyo 107 (JP) 


Anwaltssozietdt 




Maximilianstrasse 58 


(72) Inventors: 


80538 MQnchen (DE) 


• SAKURAGI, Shunichi 




HIratsuka-shi, Kanagawa-ken 254 (JP) 





(54) ELECTRODE FOR PLASMA ARC TORCH 

(57) In an electrode for a plasma arc torch, an elec- 
trode member (1) composed of either one of homolo- 
gous elements of hafnium, zirconium or titanium, or a 
mixed material of these elements is embedded into a 
front end portion of an electrode body (1a) and brazed 
and joined thereto by a brazing material, the electrode is 
characterized in that the electrode member and the 
electrode body are brazed by a brazing material (14a) 
including no copper component. 
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Description 

Technical Field 

The present invention relates to an electrode for a 
plasma arc torch. 

Backoround Art 

A plasnna arc torch is generally utilized for metal 
workings including cutting, welding, surface treating, 
dissolving and annealing workings. As such plasma arc 
torch, one for the metal cutting working generally has a 
structure, for example, shown in Fig. 1 . 

In Fig. 1. reference numeral 13 denotes a torch 
body, reference numeral la is an electrode holder sup- 
ported by the torch body 13, and reference numeral 1 is 
an electrode member embedded in and and joined to 
the electrode holder la. Reference numeral 2 is a noz- 
zle supported by the torch body 13 through a nozzle 
supporting member 3 so as to surround the electrode 
member 1 and be positioned on a front end side of the 
electrode member 1, reference numeral 4 is a nozzle 
cap supported by the torch body 13. surrounding the 
nozzle 2 except the front end portion thereof and having 
a front end secured to the front end portion of the nozzle 
2, and reference rujmeral 5 is a nozzle protecting cap 
supported by the torch body 13 and surrounding the 
outer side of the nozzle cap 4. 

A plasma gas passage 6 is formed to a peripheral 
portion of the electrode member 1 so as to communi- 
cate with the nozzle 2 from this peripheral portion, and 
a cooling water passage 7 is further formed between 
the nozzle 2 and the nozzle cap 4. Still furthermore, a 
secondary gas passage 8 is formed between the nozzle 
cap 4 and the nozzle protecting cap 5 so as to open to 
the front end side of the nozzle 2. 

The nozzle protecting cap 5 is in an electrically 
insulated from the nozzle cap 4. 

The electrode body la is formed with a cooling 
water chamber 9 for cooling the electrode member 1. 
and the cooling water chamber 9 communicates with 
the cooling water passage 7. The cooling water cham- 
ber 9 is connected to a cooling water flow-in passage 10 
and the cooling water passage 7 is connected to a cool- 
ing water flow-out passage 10a. On the other hand, a 
plasma gas flow-in passage 1 1 is connected to the 
plasma gas passage 6 and a secondary gas flow-in 
passage 12 is also connected to the secondary gas 
passage 8. 

The torch body 13 serves to support the respective 
members and portions mentioned above and is electri- 
cally insulated from the electrode member 1 and the 
nozzle 2, and the nozzle protecting cap 5 is screw 
engaged with the torch body 13. 

The electrode member 1 used for such plasma arc 
torch is formed of, in consideration of durability under a 
high temperature condition, a heat resistant material of 



homologous element such as hafnium (Hf). zirconium 
(2r). titanium (Ti). etc., and the electrode member 1 is 
joined to the electrode body la formed of copper (Cu) 
by means of brazing. 

5 The joining of the electrode member 1 to the elec- 
trode body la will be performed, by a method other than 
the brazing, as disclosed in the Japanese Patent Publi- 
cation No. HE I 5-70250 teaching a technique that a 
sleeve made of such as silver is inserted into the elec- 

10 trode body la and the electrode member 1 is then 
inserted into the sleeve and fixed thereto. In this struc- 
ture, however, surfaces to be joined of both the elec- 
trode member 1 and electrode body la have irregularity, 
which will constitute heat conduction resistance, thus 

15 being inconvenient. 

In order to obviate this defect, when the electrode 
member 1 and the electrode body la are joined by 
means of brazing, the irregular surfaces are embedded 
with a brazing material, providing an excellent heat con- 

20 duction performance therebetween and providing an 
improved cooling effect even if the electrode member 1 
is formed off hafnium having a bad heat conduction 
property. 

According to such fact, as mentioned above, the 

25 electrode member 1 is joined to the electrode body 1a 
by means of brazing and a silver (Ag) material is used 
as a brazing material including copper (Cu) of from sev- 
eral % to several tens % to lower a melting point thereof. 
Fig. 2 shows a condition of a joined portion in a 

30 case where the hafnium electrode body 1 is the copper 
electrode body 1a by using a brazing material 14 
formed of a silver material including copper of 30% (Ag 
+ 30%Cu). and a mixed crystal layer 15 formed of Hf as 
a material of the electrode member and Cu contained in 

35 the brazing material 14 (Hf-Cu mixed crystal layer) is 
formed to a boundary surface between the electrode 
member 1 and the brazing material 14. 

The Hf-Cu mixed crystal layer 15 is formed of an 
extremely hard material having a large brittleness. For 

40 sample, in the measurement of the inventors, such Hf- 
Cu mixed crystal layer 15 has a Vickers hardness of 
about 500-600. and on the other harxJ. the Hf electrode 
member 1 and the Ag brazing member 14 have Vickers 
hardness of about 200 and 100. respectively 

45 In a case where an arc generation/extinction is 
repeated by using the electrode member 1 in such 
joined condition, a crack 16 is caused at the front end 
portion of the contact boundary between the Hf of the 
electrode member 1 and the Hf-Cu mixed crystal layer. 

50 As a main reason of such generation of crack, ther- 
mal stress due to rapid temperature increasing at the 
arc generation time will be considered. When such 
crack 16 is caused at the joined surface of the electrode 
member 1, this portion exhibits a lower cooling effect, 

55 and consumption of the electrode material at this por- 
tion will rapidly progress, which results in an extremely 
lowered durability as the electrode member for the 
plasma arc torch. 
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Further, although the above example is one using 
hafnium for the electrode member 1 . it has been con- 
firmed that, in a case where the electrode member 1 is 
formed of zirconium or titanium and joined by means of 
brazing member containing copper, a mixed crystal 
layer composed of the respective materials of the elec- 
trode member and the brazing member has been also 
formed to a boundary surface therebetween. Such 
mixed crystal layer has a large hardness and targe brit- 
tieness as like in the Hf-Cu mixed crystal layer 15 as 
mentioned above. 

The present invention was conceived in view of tiie 
above fact, and in consideration of the above problems, 
the basic reason therefor resides in that the copper 
mixed crystal layer having a large brittleness is formed 
to the portion contacting the electrode member, and 
accordingly, the present invention aims to provide an 
electrode for a plasma arc torch capable of extremely 
improving durability with no generation of crack to a 
peripheral portion of an electrode member even by 
repeatedly performing an arc generation/extinction 
process under a condition that no copper mixed crystal 
layer constituting a brittleness layer is fbnmed between 
the electrode member and a brazing material. 

Disclosure o f The Invention 

To achieve the above object, according to the 
present invention, there is provided an electrode for a 
plasma arc torch in which an electrode member com- 
posed of either one of homologous elements of haf- 
nium, zirconium or titanium, or a mixed material of these 
elements is embedded into a front end portion of an 
electrode body and brazed and joined thereto by a braz- 
ing material, the electrode being characterized in that 
the electrode member and the electrode body are 
brazed by a brazing material includingno copper com- 
ponent. 

In this embodiment, it is preferred that the front end 
portion of the electrode body to which the electrode 
member is joined is composed of a material including 
no copper component such as sliver or silver alloy. 

Furthermore, in this embodiment, rt is preferred that 
an isolation member formed of a material having a high 
melting point and including no copper component such 
as nickel is joined to an electrode body including copper 
through the brazing material and the electrode body 
including copper and the electrode member are joined 
through the isolation member which is joined to the 
electrode member through the brazing material. 

According to the above structures, when the elec- 
trode member is embedded into the electrode body and 
joined by means of brazing, any copper mixed crystal 
layer is not formed to the joining surface of the electrode 
member. 

Accordingly, since the brittle layer which Is the 
mixed crystal layer is not formed to the joining surface of 
the electrode member, no crack occurs at a peripheral 



portion of the electrode member even through repeated 
arc generation/extinction process and the durability of 
the electrode can be remarkably inproved. 

5 Brief Description of The Drawinas 

The present invention will be made more under- 
standable through the following detailed explanation 
and accompanying drawings representing preferred 
10 embodiments of the present invention. Further, it is to 
be noted that the embodiments shown in the drawings 
do not interKi to specify the invention and are ones mere 
for easy explanation and understanding thereof. 
In the acconpanylng drawings: 

15 

Fig. 1 is a sectional view showing one example of 
an Important portion of a plasma arc torch for cut- 
ting working. 

Fig. 2 is a schematic sectional view showing an 
20 important portion of an electrode for a plasma arc 
torch of a conventional structure. 
Rgs. 3A and 3B are schematic views showing con- 
ditions of joined portions of electrodes of plasma 
arc torches, respectively, according to embodi- 
es ments of the present invention. 

Rgs. 4A, 4B and 4C are sectional views showing 
electrode structures, respectively, according to 
embodiments of the present invention. 
Rg. 5 is a graph representing a relation of a con- 
30 sumption depth with respect to a piercing number. 

Rgs. 6A ard 6B are sectional views of electrodes 
for plasma arc torches according to other embodi- 
ments of the present invention. 

35 Best Modes for Emtxxjying The Invention 

Embodiments of electi-odes for plasma arc torches 
according to the present invention will be described 
hereunder with reference to Figs. 3 to 6. 

40 Rg. 3 A shows a joined condition of a joined portion 
in which an electrode member 1 made of hafnium was 
brazed to an electrode body la made of copper under a 
vacuum atmosphere by using a brazing material 14a of 
(Ag + 3.9% Li). In this case, although the brazing mate- 

45 rial 14a did not include a copper component, a part of 
copper contained in the electrode body la was melted 
on the way of the joining process and fused into tiie 
brazing material 14a. The fused copper component 17 
floated in the melted brazing material 14a and reached 

50 tiie surface of the electrode member 1 to thereby form a 
tiiin Hf-Cu mixed aystal layer 15 to the surface of the 
electrode member 1 . 

Further, as like in the above case. Fig. 38 shows a 
joined condition of a joined portion In which an electrode 

55 member 1 made of hafnium was brazed to an electrode 
body la made of silver under a vacuum atmosphere by 
using a brazing material 14a of (Ag + 3.9% Li). In tiiis 
case, since copper component did not exist at any por- 
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tion. the Hf-Cu mixed crystal layer was not formed at all. 

Durability tests were performed by using both the 
electrodes Qoined electrodes) shown in Figs. 3A and 
3B, and according to the test results, although the 
embodiment shown in Fig. 3A provided a sufficiently s 
improved durability with respect to the conventional 
example shown in Fig. 2. the embodiment shown in Rg. 
SB provided a more sufficiently improved result. 

Figs. 4A. 48 and 4C represent embodiments which 
use different materials for the electrode body 1 a. io 

The embodiment of Fig. 4A uses an electrode body 
1a formed of copper as like in the conventional example 
the embodiment of Fig. 4B uses an electrode body la 
entirely formed of silver, and the embodiment of Fig 4C 
uses an electrode body la having a base portion 1b is 
formed of copper and a front end portion 1c, formed of 
silver, to be joined to the base portion lb. The electrode 
members 1 formed of hafnium were brazed to join them 
to these electrode bodies la by using the brazing mate- 
rial 14a(Ag + 3.9%Li). ^ 

Further, in the embodiment of Fig. 4C, the base 
portion lb of the electrode body la and the front end 
portion 1c thereof was joined through a thermal diffu- 
sion joining process in a vacuum heating furnace with a 
temperature of about 800oC. The brazing joining 25 
between the electrode bodies la and the electrode 
members 1 were performed under the vacuum atmos- 
phere with a temperature of about 760''C. 

With the embodiments represented by Rgs 4A 4B 
and 4C. the durability tests for investigating the depth of 30 
consumption of the respective electrode members 1 
with respect to the pierce numbers were performed and 
the test results are shown in Fig. 5. The durability tests 
are earned out by repeating a pattern in which carbon 
steel plate having a thickness of 1 .6 mm was cut for 2 35 
seconds at an arc current of 27 A(amperes). 

Referring to Fig. 5. the capital A represents a case 
of the structure shown in Fig. 4A, and in this case the 
depth of consumption reached 1 . 1 -1 .2 mm through cut- 
ting frequency of about 700-800 times. The capital B in 4o 
Fig. 5 represents a case using the silver solid electrode 
body la shown in Rg. 4B. and in this case, the depth of 
consumption reached 0.8-0.9 mm through cutting fre- 
quency of 2500 times. The capital C in Fig. 5 represents 
a case of the embodiment of Fig. 4C and in this case. 45 
the depth of consumption reached 1.4 mm through cut- 
ting frequency of 2500 times. 

The reason why the test results with respect to the 
embodiments of Figs. 4B and 4C. in which the depths of 
consumption were 0.8-0.9 mm and 1 .4 mm in the same so 
cutting frequency of 2500 times, differed from each 
other seems that, in the embodiment of Fig. 4C in which 
the base portion lb and the front end portion 1c are 
joined, resistance of heat conduction was caused at this 
joined portion, leading to the difference in cooling ss 
effects in both the portions. 

The capital D in Fig. 5 represents the test result of 
a case of the embodiment of Fig. 3A in which the elec- 



trode member 1 is joined to the copper electrode body 
la by the brazing material 14a including no copper com- 
ponent, and in this case, depth of consumption reached 
1.1 mm through cutting frequency of about 1400 times. 
According to this embodiment, the life time could be 
improved in comparison with the conventional structure. 

As can be seen from the above test results, the 
effect of removing the Hf-Cu mixed crystal layer from 
the brazed and joined surface was confirmed. 

Rgs. 6A and 6B represent embodiments of the 
present invention other than those mentioned above. 

In the embodiment shown in Rg. 6A, a cap 18 
made of nictel prepared through deep drawing process 
so as to provide a thickness of 0.1 mm is mounted 
between the electrode member 1 and the copper elec- 
trode body la. This cap 18 and the electrode body la 
are brazed by a known brazing material 14 including 
copper (Cu) and the cap 18 and the electrode member 
1 are brazed and joined by a brazing material 14a such 
as (Ag + 3.9%Li) including no copper. In this case, there 
is no problem for the use of both the brazing materials 
14 and 14a including no copper. 

Furthermore, in this case, the nickel constituting the 
cap 1 8 has a melting point of 1 455*'C, which is far higher 
than those of the brazing materials 14 and 14a, so that 
a molten material of the copper can be blocked from 
invading from the outer side of the cap 18, i.e. from the 
electrode body side, into the electrode member 1 . 

Further, the joining between the cap 18 and the 
electrode member 1 with respect to the electrode body 
la is carried out. as shown in Rg. 6A. by putting there- 
between the brazing materials 14 and 14a each in 
shape of mass and pushing them into the electrode 
body la while heating. The fused brazing materials 14 
and 14a are spread over the entire joining surfaces, 
which are then firmly joined. 

In the embodiment shown in Fig. 6B, a plating layer 
1 9 formed of a material having a high melting point such 
as nickel or chromium is formed on the surface of the 
copper electrode body la. and the electrode member 1 
is joined to the electrode body la through this plating 
layer 19 by using the brazing material 14a. such as (Ag 
+ 3.9%Li), including no copper. 

In this embodiment, the plating layer 19 attains sub- 
stantially the same function as that of the cap 18 of the 
embodiment shown in Fig. 6A and no copper mixed 
crystal layer is formed on the joining surface off the elec- 
trode member 1 . 

In the embodiments of Figs. 6A and 6B, either one 
of hafnium, zirconium or titanium was used as a mate- 
rial for the electrode member 1. and when either one of 
these materials was used, any mixed crystal layer of the 
material constituting the electrode 1 and the other metal 
material was not formed to the joined surface of the 
electrode member 1 . 

Furthermore, in the foregoing embodiments, 
although silver was used as the material constituting the 
electrode body la. the silver was selected as substitute 
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for the copper in view of cost merit and conductive prop- 5- An electrode for a plasma arc torch according to 
erty, and hence, silver alloy or other metal including no claim 3, wherein the isolation member is a plating 

copper may be used other than the silver and silver layer, 
alloy. 

According to the present invention, the electrode s 
member 1 composed of hafnium, zirconium, titanium or 
the like metal can be joined to the joining surface of the 
electrode body 1 a without forming a mixed crystal layer, 
particularly, including copper on that surface. 

Accordingly, since no brittle layer which is the mixed io 
crystal layer is formed on the joining surface of the elec- 
trode, no crack occurs at the periphery of the electrode 
member 1 even In the repeated arc generation/extinc- 
tion process, and the durability of the electrode can be 
remarkably improved. is 

Though the present invention has been described 
with reference to the exemplified embodiments, it will be 
apparent to those skilled in the art that various modifica- 
tions, changes, deletions, additions and other variations 
can be made in the disclosed embodiments of the 20 
present invention without departing from the scope or 
spirit of the present invention. Accordingly, it should be 
understood that the present invention is not limited to 
the described emtxxliments and shall include the scope 
specified by the elements recited in claims and range of 2s 
equivalent thereof. 

Claims 

1. An electrode for a plasma arc torch in which an 30 
electrode member composed of either one of 
homologous elements of hafnium, zirconium or tita- 
nium, or a mixed material of these elements is 
embedded into a front end portion of an electrode 
body and brazed and joined thereto by a brazing 35 
material, characterized in that the electrode mem- 
ber and the electrode body are brazed by a brazing 
material including no copper component. 

2. An electrode for a plasma arc torch according to 40 
claim 1, wherein the front end portion of the elec- 
trode body to which the electrode mennber is joined 

is composed of a material including no copper com- 
ponent such as silver or silver alloy. 

45 

3. An electrode for a plasma arc torch according to 
claim 1. wherein an isolation member formed of a 
material having a high melting point and including 
no copper component such as nickel Is joined to an 
electrode body including copper through the braz- so 
ing material and the electrode body including cop- 
per, and the electrode member are joined through 
the isolation member which is joined to the elec- 
trode member through the brazing material. 



ss 



An electrode for a plasma arc torch according to 
claim 3. wherein the isolation member is a cap. 
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